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PRELIMINARY  INVESTIGATION  OF  THE  SHORT-TERM  EFFECTS  OF  STORMS 
ON  SEDIMENTARY  CHARACTERISTICS  AND  THE  NEARSHORE  FAUNA 
USING  THE  SEDIMENT  PROFILING  CAMERA  SYSTEM 


Introduction 


1.  This  study  was  one  of  a  number  of  experiments  designed  to  develop  a 
better  understanding  of  nearshore  coastal  processes  under  a  variety  of  envi¬ 
ronmental  conditions.  These  experiments,  known  as  SUPERDUCK,  were  conducted 
at  the  US  Army  Engineer  Waterways  Experiment  Station's  Coastal  Engineering 
Research  Center  (CERC)  Field  Research  Facility  located  at  Duck,  N.  C.  The 
SUPERDUCK  experiments  occurred  in  three  phases:  a  low-wave  energy  phase,  a 
storm-wave  energy  phase,  and  an  all-weather  phase. 

2.  The  objectives  of  this  study  were  to:  (a)  investigate  the  effec¬ 
tiveness  of  a  sediment  profiling  camera  system  (Rhoads  and  Germano  1982)  in 
studying  storm  events  and  benthic  community  characteristics  in  nearshore  sandy 
substrates,  (b)  determine  if  the  study  of  storm  events  will  give  insight  into 
the  potential  effects  of  dredged  material  disposal  and  benthic  response,  and 
(c)  examine  the  feasibility  of  conducting  concurrent  physical  and  biological 
studies.  This  study  was  conducted  in  coordination  with  a  study  by 

L.  L.  Weishar  and  M.  L.  Fields  of  the  CERC,  entitled  "Application  of  the  Sys¬ 
tem  for  Evaluation  of  Sediment  Transport  Using  Fluorescent  Tracers." 

Methods 


3.  Investigations  of  benthic  community  characteristics  were  conducted 
during  the  low-wave  energy  phase  (hereafter  referred  to  as  prestorm)  and  the 
storm-wave  energy  phase  (hereafter  referred  to  as  poststorm)  of  SUPERDUCK. 
Benthic  community  characteristics  were  indirectly  investigated  using  a  sedi¬ 
ment  profiling  camera  system  (Figure  1)  and  directly  investigated  with  a  tra¬ 
ditional  benthic  sampling  method,  Smith-Mclntyre  grab  sampler  (Figure  2). 
Samples  were  collected  and  photographs  taken  along  a  transect  perpendicular  to 
the  shoreline,  beginning  at  a  depth  of  14  ft  (4.3  m)  (the  shallowest  possible 
station  at  which  sampling  from  the  study  vessel  could  be  conducted)  and  con¬ 
tinuing  at  8-ft  (2.4-m)  depth  intervals  to  a  depth  of  46  ft  (14  m) .  The 
farthest  offshore  site  was  selected  as  a  reference  site,  since  this  was  the 


3 


Figure  1.  Sediment  profiling 
camera  system 


shallowest  depth  at  which  sediment 
transport  was  considered  unlikely  during 
a  storm  of  moderate  strength  (Birkemeier 
et  al.  1985).  Station  coordinates  were 
located  with  a  microwave  positioning 
system,  and  depths  were  recorded  with  a 
fathometer.  The  station  array  was  taken 
to  represent  a  continuum  of  decreasing 
frequency  of  sediment  disturbance  and 
thus  would  allow  a  determination  of  pos¬ 
sible  disturbance  effects  on  the  benthic 
communities  of  the  nearshore  zone  off 
Duck,  N.  C. 

4.  Prestorm  sampling  was  con¬ 
ducted  on  9  October  1986.  The  storm 
began  on  the  morning  of  10  October  and 
lasted  3  days.  Maximum  storm  conditions 
occurred  on  1 1  October.  Winds  were  from 
the  northeast  and  reached  a  maximum  of 
16  m/sec.  Maximum  wave  height  was 
3.5  m.  These  conditions  describe  a 
storm  of  moderately  strong  intensity. 
Poststorm  sampling  was  conducted  on 
29  October  1986.  Sampling  occurred  at 
five  stations  along  the  transect  at 
depths  of  14,  22,  30,  38,  and  46  ft 


(4.3,  6.7,  9.1  11.6,  and  14  m) , 
approximately  304,  610,  1,067,  1,448, 


and  2,286  ft  (93,  186,  325,  441,  and  697  m)  offshore,  respectively.  Samples 
obtained  are  summarized  in  Table  1.  Sediment  profiling  system  pictures  were 
obtained  during  both  phases  of  the  experiment.  The  parameters  examined  from 
computer  analyses  of  sediment  profiling  images  and  the  insight  into  benthic 
community  processes  that  each  parameter  provides  are  outlined  in  Table  2. 

5.  Due  to  operational  difficulties  with  the  vessel,  benthic  grab  sam¬ 
ples  were  obtained  only  during  the  poststorm  period.  Three  replicate  benthic 


grab  samples  were  taken  with  a  small  Smith-Mclntyre  grab  sampler  (sampled 


area:  0.10  m  )  at  each  of  the  five 
stations.  Samples  were  sieved  through 
a  0.5-mm  sieve,  preserved  in 
10-percent  formalin,  and  stained  with 
Rose  Bengal.  In  the  laboratory,  sam¬ 
ples  were  sorted  to  major  taxa 
(polychaetes  were  sorted  to  family), 
and  individuals  comprising  each  taxon 
were  enumerated.  Additionally,  numeri¬ 
cally  dominant  species  were  identified 
to  the  species  level. 

6.  Statistical  analyses  of  the 
faunal  data  consisted  of  univariate 
correlations  between  taxa  and  cluster 
analyses  (using  squared  Euclidean  dis¬ 
tances  as  the  similarity  measure  and 
average  linkage  between  groups  as  the 
clustering  method).  One-way  analyses  of  variance  were  conducted  to  identify 
possible  differences  between  stations,  and  Duncan's  multiple  range  tests  were 
used  to  determine  which  stations  differed.  Statistical  analyses  were  con¬ 
ducted  using  the  SPSS/PC  statistical  package.  Data  were  log-transformed  for 
the  analyses  of  variance  to  better  meet  the  assumptions  of  these  procedures. 


Figure  2.  Smith-Mclntyre 
grab  sampler 


Results 


Sediment  profiling  camera  images 

7.  Measurements  from  the  sediment  profiling  system  images  are  summa¬ 
rized  in  Table  3.  Examples  of  prestorm  and  poststorm  sediment  profiling 
camera  images  are  given  in  Figure  3.  Analyses  showed  that  prism  penetration 
ranged  from  0.5  cm  to  a  maximum  of  9.0  cm,  with  most  values  falling  between 
4  and  5  cm.  Penetration  values  (based  only  on  replicated  transect  images. 
Stations  1  and  2)  were  higher  on  the  poststorm  sampling  date,  29  October,  than 
on  the  prestorm  date,  9  October,  suggesting  less  sediment  compaction,  possibly 
due  to  storm-induced  sediment  turbulence  and  transport.  An  inadequate  number 
of  images  prohibits  the  statistical  comparison  of  sediment  compaction  before 
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Table  1 

Summary  of  Samples  Obtained  from  the  Sediment  Profiling  Camera 
System  and  Benthic  Sampling  in  the  Nearshore  Zone  at 
Duck,  N.  C. ,  October  1986 


Number  of 

Film 

Images  or 

Phase 

Station 

Type 

Samples 

Sediment  Profiling 

Camera  System 

Prestorm 

1  -  Inshore 

B/W 

1 

Color 

1 

2 

Color 

3 

3 

Color 

1 

4 

B/W 

1 

5  -  Offshore 

B/W 

1 

Poststorm 

1  -  Inshore 

Color 

5 

2 

Color 

5 

3 

Color 

5 

4 

Color 

5 

5  -  Offshore 

Color 

5 

Smith-Mclntyre 

Grab  Samples 

Prestorm 

Poststorm 


-  Inshore 


-  Offshore 


None 

3 

3 

3 

3 

3 


and  after  the  storm.  The  penetration  data  do  not  show  a  trend  with  depth  for 
either  sampling  period  (Table  3). 

8.  Surface  relief  of  bed  forms  was  greatest  at  Station  1  on  the  post¬ 
storm  date  and  the  bed  was  smoothest  at  Station  1  on  the  prestorm  date 
(Table  3).  Relief  during  the  prestorra  period  tended  to  be  low  and  hummocky. 
Average  surface  relief  during  the  study  was  less  than  2  cm  (range:  0.22  to 
2.32  cm)  (Table  3). 

9.  The  depth  of  the  redox  potential  discontinuity  (RPD)  was  at  a  mini¬ 
mum  of  0.31  cm  at  Station  4  (11.6-m  ft  depth)  on  the  poststorm  sampling  date. 
The  maximum  depth  of  the  RPD  could  not  be  recorded  as  it  exceeded  the  penetra¬ 
tion  depth  of  the  camera  prism.  This  occurred  at  Station  1  during  the 
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Physical/Chemical  Parameters  Measured  by  the  Sediment  Profilin) 
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Figure  3.  Prestorm  and  poststorm  sediment  pro¬ 
filing  images  (Duck,  N.  C. ,  Station  2,  6.7-m 
depth)  (contrast-stretched  image) 

poststorm  phase  (maximum  prism  penetration,  5.7  cm)  and  at  Station  1  during 
the  prestorm  phase  (maximum  prism  penetration,  6.2  cm).  The  average  depth  of 
the  RPD  was  greatest  inshore  and  lowest  offshore,  coinciding  with  offshore 
sediment  fining;  the  RPD  was  generally  greater  than  3  cm  inshore  and  less  than 
3  cm  offshore  (Table  3). 

10.  Sediments  along  the  transect  were  typically  fine  to  medium  sands 
(Table  3).  Inshore  station  sediments  were  fine  to  medium  sands  with  shell 
fragments;  with  increasing  depth,  sediments  became  finer  with  traces  of  shell 
fragments,  but  were  typically  less  than  1-percent  silt  (Schaffner  et  al. 

1987).  Mineral  banding  was  observed  at  Station  1  on  both  sampling  dates,  but 
was  not  observed  at  other  stations  (Schaffner  et  al.  1987). 

11.  Sediment  data  from  the  data  base  that  has  been  compiled  by  the  CERC 
(Birkemeier  et  al.  1985)  for  Duck,  N.  C. ,  corroborate  the  above  results.  In 
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general,  fine  sands  dominate  except  very  close  to  shore,  and  silt  content  is 
typically  less  than  1  percent  at  the  depths  considered  in  this  study.  Grain 
size  distributions  show  that  the  sands  are  typically  well  sorted  and  not 
markedly  skewed. 

12.  Images  from  the  camera  system  revealed  no  fauna  or  biological  fea¬ 
tures  with  the  exception  of  a  single  feeding  void  at  Station  1  during  the 
prestorm  period  (Table  3).  Flocculent  detrital  material  was  observed  at  all 
stations  except  Station  1  (Schaffner  et  al.  1987).  During  the  prestorm  phase, 
fecal  pellets  were  observed  at  Station  5;  during  the  poststorm  phase,  fecal 
pellets  were  observed  at  Stations  2,  3,  and  4.  Evidence  of  a  tubiculous  fauna 
was  noted  for  Station  2  during  the  prestorm  phase  and  for  Stations  3  and  5  for 
the  poststorm  phase.  Species  that  could  be  identified  from  the  sediment  pro¬ 
filing  images  included  the  polychaetes  Owenia  fusiformis  and  Spiochaetopterus 
oculatus  (Stations  2  and  3)  and  the  echinoderm  Mellita  sp.  (Station  2). 

Benthic  grab  sampling 

13.  The  most  apparent  observation  is  an  increase  in  total  faunal  abun¬ 
dance  at  Station  5  (14-m  depth)  (Figure  4).  The  inshore  Station  1  was  numeri¬ 
cally  dominated  by  amphipods;  in  contrast,  other  stations  were  numerically 
dominated  by  polychaetes  (Figure  5) .  The  intermediate  stations  were  numeri¬ 
cally  dominated  by  a  diverse  assemblage  of  polychaetes  whereas  the  offshore 
station  was  numerically  dominated  by  capitellid  polychaetes. 

14.  The  benthic  fauna  sampled  was  similar  in  species  composition  to 
that  previously  found  in  this  region  (Dexter  1969,  Matta  1977,  Diaz  and 
DeAlteris  1982).  In  this  study,  the  bivalve  Donax  variabilis  was  common  at 
the  inner  two  stations  (Stations  1  and  2);  the  bivalve  Ensis  directus  was  com¬ 
mon  at  the  most  offshore  site  (Station  5).  The  offshore  site  was  numerically 
dominated  by  the  capitellid  polychaete  Mediomastus  sp.  Species  common  at  the 
intermediate  stations  included  the  polychaetes  Magelona  rosea  and  0. 
fusiformis . 

15.  Species  that  were  collected  by  the  Smith-Mclntyre  grab  and  were 
also  observed  in  the  sediment  profiling  images  included  the  polychaete 

S.  oculatus,  the  echinoid  Mellita  quinquiesperforata,  and  the  asteroid  Luidia 
clathrata  (Table  3). 

16.  No  significant  correlations  were  observed  between  the  abundances  of 
the  individual  taxa.  The  results  of  the  cluster  analysis  indicated  two  groups 
(Figure  6).  The  first  cluster  included  the  three  replicates  from  the  station 
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700 


STATION  /  REPLICATE 

Figure  4.  Abundance  of  benthic  fauna  at  Duck,  N.  C. , 

by  major  taxa 

farthest  offshore  (Station  5).  The  second  cluster  included  the  three  repli¬ 
cates  from  the  most  inshore  station  (Station  1)  and  the  intermediate  stations 
(Figure  6).  Analyses  of  variance  showed  significant  differences  between 
depths  with  respect  to  total  faunal  abundance  (F  =  27.08;  df  =  4,  10; 

P  <  0.001),  total  polychaete  abundance  (F  =  40.50;  df  =  4,  10;  P  <  0.001),  and 
total  amphipod  abundance  (F  =  55.53;  df  =  4,  10;  P  <  0.001).  Range  tests 
indicated  that  the  most  offshore  station  (Station  5)  had  a  total  faunal  abun¬ 
dance  that  was  significantly  greater  than  the  other  stations  (Table  4);  total 
polychaete  abundance  was  significantly  less  at  Station  1  and  significantly 
greater  at  Station  5  than  at  the  intermediate  stations  (Table  4);  and  total 
amphipod  abundances  at  Stations  1  and  4  were  significantly  different  from  the 
remaining  stations  (Table  4) . 


Discussion 


17.  The  transect  sampled  bv  this  study  appeared  to  represent  two  dis¬ 
crete  disturbance  zones  and  associated  faunal  assemblages.  The  first  zone, 
Stations  1,  2,  3,  and  4,  was  characterized  by  relatively  high  levels  of 
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STATION  /  REPLICATE 

Figure  5.  Percent  numerical  composition  of  taxa  at  Duck,  N.  C. 

disturbance  due  to  wave  action.  Within  this  zone,  benthic  samples  were  simi¬ 
lar  in  faunal  abundance  and  taxonomic  composition.  However,  Station  1  and  the 
intermediate  stations  were  dissimilar  in  some  respects.  As  depth  increased 
within  this  zone,  there  was  a  shift  in  numerical  dominance  from  amphipods  to 
polychaetes.  Sediment  profiling  photographs  from  Station  1  indicated  an 
absence  of  animals  and  biological  features.  The  effects  of  physical  processes 
(due  to  wave  action)  at  Station  1  were  evidenced  by  photographs  detailing  a 
coarser  sediment  composition,  pronounced  mineral  banding,  and  the  absence  of 
fecal  pellets  and  flocculent  material.  Maximum  RPD  depth,  maximum  prism  pene¬ 
tration,  and  maximum  surface  relief  were  observed  at  this  station,  indicating 
the  possible  dominance  of  physical  processes.  The  fauna  characterizing  this 
station  consisted  of  mobile  species  that  are  adapted  to  relatively  high  levels 
of  disturbance.  Haustoriid  amphipods  were  the  numerically  dominant  taxon. 

The  feeding  mechanisms  of  these  amphipods  is  efficient  only  when  interstitial 
water  moves  freely  and  the  organic  content  of  interstitial  spaces  is  continu¬ 
ally  renewed  with  each  tidal  cycle  (Holland  and  Dean  1977).  These  conditions 
are  unlikely  to  be  met  in  areas  other  than  surf  zones.  The  surf  clam,  D. 
variabilis,  was  also  common  at  Station  1.  This  species  is  characteristic  of 
littoral/surf  zones  and  feeds  on  suspended  particulate  material.  These  and 


13 


j 


Rescaled  measure  of  dissimilarity  between  clusters 
0  5  10  15  20  25 


Station/ 

Replicate 


Figure  6.  Dendrogram  illustrating  the  results  of  cluster  analysis 

other  species  collected  at  this  station  do  not  produce  obvious  structures  that 
could  be  observed  with  the  sediment  profiling  system. 

18.  Stations  2,  3,  and  4  appear  to  be  in  an  area  of  lower  wave  action 
than  Station  1.  The  sediment  was  primarily  fine  sands,  no  mineral  banding  was 
observed,  and  surface  relief  was  less  than  that  at  Station  1.  Polychaetes 
were  the  numerically  dominant  taxa  at  all  three  stations.  The  polychaete 
assemblage  was  typical  of  fine  sand  fauna,  consisting  of  magelonids,  oweniids, 
nephtyids,  glycerids,  and  onuphids.  The  magelonid  polychaete,  M.  rosea,  and 
the  oweniid  polychaete,  0.  fusiformis ,  were  especially  common.  These  species 
have  been  classified  as  tentaculate  surface-deposit  feeders  (Fauchald  and 
Jumars  1979).  Owenia  fusiformis  is  tubiculous  and  is  categorized  as  a  non- 
motile  species  (Fauchald  and  Jumars  1979).  Magelonid  polychaetes,  however, 
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Table  4 


Results  of  Duncan's  Range  Tests  for  Total  Faunal  Abundance,  Total 
Polychaete  Abundance,  and  Total  Amphipod  Abundance  During 
Poststorm  Conditions* 


Depth 

m 

Faunal 

Abundance 

Polychaete 

Abundance 

Amphipod 

Abundance 

X 

SE 

X 

SE 

X 

SE 

4.3 

152.67 

A 

4.67 

29.00 

A 

3.51 

100.00 

A 

15.13 

6.7 

185.33 

A 

31.01 

138.33 

B 

26.62 

10.67 

B 

0.88 

9.1 

131.00 

A 

19.08 

91.33 

B 

19.64 

9.33 

B 

1.86 

11.6 

112.33 

A 

15.96 

69.33 

B 

9.96 

3.33 

C 

0.88 

14 

583.33 

B 

41.13 

516.00 

C 

42.72 

9.33 

B 

1.45 

*  Means  (N  =  5)  with  the  same  letter  are  not  significantly  different 
(a  =  0.05). 

are  good  burrowers  and  are  believed  to  be  motile  (Fauchald  and  Jumars  1979). 
Sediment  movement  and  the  consequent  lack  of  deposited  material  for  food  may 
exclude  these  species  from  the  surf  zone. 

19.  The  second  disturbance/faunal  zone  is  represented  by  Station  5.  At 
this  site,  the  level  of  disturbance  appeared  to  decrease  sufficiently  for  the 
establishment  of  a  different  species  assemblage.  The  fauna  in  this  zone  was 
numerically  dominated  by  a  capitellid  polychaete,  Mediomastus  spp.  Capitellid 
polychaetes  are  generally  recognized  as  being  motile  deposit-feeders  (Fauchald 
and  Jumars  1979).  The  lack  of  significant  quantities  of  deposited  material 
(food)  would  likely  exclude  them  from  areas  with  higher  levels  of  sediment 
disturbance.  The  razor  clam,  E.  diveatus,  was  also  collected  at  this  site. 
This  species  forms  a  tubular,  permanent  burrow  from  which  it  emerges  to  feed 
(Stanley  1970).  The  energetic  demands  of  burrow  construction  would  probably 
preclude  its  establishment  in  sites  with  high  disturbance  levels.  Data  from 
the  sediment  profiling  camera  photographs  indicated  no  distinct  differences 
between  this  station  and  Stations  2,  3,  and  4.  More  detailed  analyses  of  sed¬ 
iment  particle  size  distribution,  specifically  with  regard  to  percent  silt, 
may  reveal  the  reasons  for  the  distinct  species  assemblages  in  the  intermedi¬ 
ate  and  the  offshore  zones. 
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20.  A  previous  study  in  this  area  (Diaz  and  DeAlteris  1982)  also 
observed  distinct  faunal  assemblages  with  distance  offshore.  They  identified 
three  distinct  faunal  communities:  a  community  characterized  by  the  presence 
of  the  mole  crab,  Emevita •  which  extended  from  t-he  swash  zone  to  the  inner 
surf  zone;  a  Sooletepis  (spionid  polychaete)  community  that  extended  from  the 
surf  zone  to  approximately  50  ra  offshore;  and  a  community  dominated  by  the 
haustoriid  amphipods,  Parahaustorius  spp.,  which  extended  from  50  m  to 
approximately  61  m  offshore,  the  offshore  limit  of  their  study.  Although  the 
most  inshore  station  in  the  study  reported  herein  was  much  farther  offshore 
than  the  offshore  limit  of  the  study  of  Diaz  and  DeAlteris  (1982),  the  latter 
community  appears  to  correspond  with  the  most  inshore  station  identified  in 
this  study.  Bathymetric  charts  indicate  the  depth  at  approximately  50  to  60  m 
offshore  to  be  less  than  3  m  (Birkemeier  et  al.  1985). 

21.  Other  studies  (Pearse,  Humm,  and  Wharton  1942;  Dexter  1969;  Holland 
and  Dean  1977;  Shelton  and  Robertson  1981)  have  reported  the  dominance  of 
haustoriid  amphipods  in  high-energy  sandy  environments.  However,  few  studies 
have  investigated  the  subtidal  nearshore  faunal  communities  in  these  areas. 
Additional  studies  examining  the  location  of  and  the  reasons  for  faunal  tran¬ 
sitions  should  be  conducted  to  assess  the  generality  of  the  findings  of  this 
study. 

22.  The  lack  of  faunal  data  for  the  prestorm  period  precludes  assess¬ 
ment  of  the  short-term  effects  of  storms  on  the  benthic  community.  However, 
hypotheses  regarding  possible  effects  can  be  proposed  using  data  from  the 
sediment  profiling  camera  photographs  and  the  poststorm  faunal  data.  As  the 
zones  designated  in  this  study  appear  to  be  typical  of  high-energy  sandy 
beaches  (Pearse,  Humm,  and  Wharton  1942;  Shelton  and  Robertson  1981;  Diaz  and 
DeAlteris  1982),  it  is  possible  that  the  locations  of  the  zones,  with  respect 
to  the  beach,  shift  offshore  with  the  occurrence  of  storms.  Storms  cause  the 
depth  at  which  sediment  movement  occurs  to  shift  offshore;  the  greater  the 
power  of  the  storm,  the  greater  the  depth  to  which  storm  waves  reach  and  cause 
sediment  motion.  Thus,  species  assemblages  that  typically  occur  in  areas  with 
little  sediment  motion  would  find  similar  conditions  farther  offshore  with  the 
passing  of  a  storm.  The  time  frame  in  which  this  inshore/offshore  shifting 
would  occur  cannot  be  assessed  with  the  results  of  this  study  due  to  the  lack 
of  prestorm  samples.  However,  recolonization  studies  conducted  in  similar 
environments  (McCall  1977,  Grant  1981,  van  Blaricom  1982,  Bell  and  Devlin 
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1983)  suggest  that  changes  might  occur  within  a  period  ranging  from  a  few 
hours  for  very  mobile  species  to  a  month  for  the  burrowing  forms. 

23.  In  conjunction  with  the  interpretation  of  sediment  profiling  camera 
photographs,  Rhoads  and  colleagues  (Rhoads,  Aller,  and  Goldhaber  1977;  Rhoads, 
McCall,  and  Yingst  1978;  Rhoads  and  Germano  1982)  have  proposed  a  successional 
paradigm  to  explain  changes  that  occur  in  sediment  characteristics  and  species 
assemblages  with  disturbance  and  recolonization.  This  paradigm  has  not  been 
adequately  evaluated  for  sediment  types  other  than  fine-grained  sediments 
(muds  and  mud-dominated  sediments).  The  proposed  sequence  of  recolonization 
following  disturbance  events  includes  several  distinct  stages.  The  first 
phase  of  recolonization,  stage  I,  is  characterized  by  low  species  diversity 
and  the  dominance  of  opportunistic  and  tubiculous  species  such  as  capitellid 
polychaetes .  The  RPD  is  generally  shallow,  st/rface  relief  is  typically  low, 
and  sediment  reworking  rates  by  organisms  typically  low.  Stages  II  and  III 
represent  a  progressive  "infaunalization"  of  the  species  assemblage.  Stage  II 
is  identified  by  the  presence  of  infaunal  species  such  as  tubiculous  amphipods 
or  shallow-dwelling  bivalves.  Stage  III,  the  "equilibrium"  community,  is 
characterized  by  high  species  diversity  and  K-selected  species.*  Infaunal, 
"head-down,  conveyor  belt"  deposit-feeders,  possibly  including  maldanid, 
orbinid,  and  nephtyid  polychaetes,  and  deep-burrowing  species  such  as  heart 
urchins  dominate  the  species  assemblage.  These  assemblages  are  associated 
with  sediments  that  are  deeply  oxygenated,  have  high  faunal  sediment  reworking 
rates,  and  relatively  high  biogenic  surface  relief. 

24.  The  sediment  profiling  camera  system  appears  to  be  less  instructive 
in  sand  as  opposed  to  mud  environments.  The  faunal  transition  that  occurred 
between  the  intermediate  and  the  most  offshore  stations  was  not  reflected  by 
changes  in  parameters  measured  by  the  camera  system.  Many  of  the  changes  in 
the  successional  sequence  proposed  by  Rhoads,  McCall,  and  Yingst  (1978)  appear 
to  be  a  consequence  of  sediment  chemistry  in  fine-grained  sediments,  particu¬ 
larly  sediment  oxygen  levels.  In  high-energy,  sandy  environments,  sediment 
chemistry  does  not  vary  to  the  extent  that  it  does  in  muddy  sediments  and 
appears  to  be  controlled  primarily  by  physical  processes.  It  may  therefore  be 
a  less  Important  factor  to  consider  when  evaluating  faunal  recolonization 


*  These  species,  also  called  "K-strategists ,"  are  competitive,  long-lived 
individuals  that  have  stable  populations  and  produce  relatively  few  young. 
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patterns.  Additional  studies  are  needed  before  this  successional  paradigm  can 
be  adequately  evaluated  for  sandy  environments. 

25.  Effective  coordination  between  the  concurrent  physical  and  biologi¬ 
cal  studies  in  this  segment  of  SUPERDUCK  was  achieved.  The  sediment  profiling 
camera  system  provided  data  critical  to  both  studies,  and  the  simultaneous  use 
of  the  equipment  and  research  vessel  provided  cost  efficiency.  However, 
detailed  planning,  closely  allied  goals,  and  efficient  communication  were 
found  to  be  necessary  for  effective  coordination. 


Conclusions 


26.  Conclusions  derived  from  this  study  are  presented  below. 

a.  As  presently  designed,  the  sediment  profiling  camera  system  has 
limited  usefulness  in  evaluating  benthic  community  processes  in 
sand  environments.  Limited  penetration  in  sand  by  the  camera 
system  and  the  dominance  of  physically  controlled  animal- 
sediment  interactions  preclude  obtaining  useful  insights  into 
benthic  processes  with  this  system. 

b.  The  short-term  effects  of  disturbance  on  benthic  community 
characteristics  were  not  adequately  evaluated  by  this  study. 
Additional  studies  on  the  short-term  effects  of  natural  distur¬ 
bances,  such  as  storm  events,  would  give  greater  insight  into 
the  effects  of  man-made  disturbances,  such  as  dredged  material 
disposal,  in  sand  environments. 

£.  Studies  on  physical  and  biological  processes  can  be  conducted 

concurrently  and  cost  effectively  when  equipment  needs  are  sim-. 
ilar.  However,  efficient  planning  and  communication  are 
necessary  for  effective  coordination. 


References 

Bell,  S.  S.,  and  Devlin,  D.  J.  1983.  "Short-Term  Macrofaunal  Recolonization 
of  Sediment  and  Epibenthic  Habitats  in  Tampa  Bay,  Florida,"  Bulletin  of  Marine 
Science,  Vol  33,  No.  1,  pp  102-108. 

Birkemeier,  W.  A.,  Miller,  H.  C. ,  Wilhelm,  S.  D. ,  DeWall,  A.  E. ,  and  Gorbics, 
C.  S.  1985.  "A  User's  Guide  to  the  Coastal  Engineering  Research  Center's 
(CERC's)  Field  Research  Facility,"  Instruction  Report  CERC-85-1,  US  Army  Engi¬ 
neer  Waterways  Experiment  Station,  Vicksburg,  Miss. 

Dexter,  D.  M.  1969.  "Structure  of  an  Intertidal  Sandy  Beach  Community  in 
North  Carolina,"  Chesapeake  Science,  Vol  10,  No.  2,  pp  93-98. 

Diaz,  R.  J.,  and  DeAlteris,  J.  T.  1982.  "Long-Term  Changes  in  Beach  Fauna  at 
Duck,  North  Carolina,"  Miscellaneous  Paper  CERC-82-12,  US  Army  Engineer  Water¬ 
ways  Experiment  Station,  Vicksburg,  Miss. 


Fauchald,  K. ,  and  Jumars,  P.  A.  1979.  "The  Diet  of  Worms:  A  Study  of  Poly- 
chaete  Feeding  Guilds,"  Oceanography  and  Marine  Biology  Annual  Review,  Vol  17, 
193-284.  '  ' 

Grant,  J.  1981.  "Sediment  Transport  and  Disturbance  on  an  Intertidal  Sand- 
flat:  Infaunal  Distribution  and  Recolonization,"  Marine  Ecology  Progress 

Series,  No.  6,  249-255. 

Holland,  A.  F.,  and  Dean,  J.  M.  1977.  "The  Community  Biology  of  Intertidal 
Macrofauna  Inhabiting  Sandbars  in  the  North  Inlet  Area  of  South  Carolina, 
U.S.A. ,"  Ecology  of  Marine  Benthos,  B.  C.  Coull,  ed.,  University  of  South 
Carolina  Press,  Columbia,  S.  C.,  pp  423-438. 

Matta,  J.  F.  1977.  "Beach  Fauna  Study  of  the  CERC  Field  Research  Facility, 
Duck,  North  Carolina,"  Miscellaneous  Paper  CERC-77-6,  US  Army  Engineer  Water¬ 
ways  Experiment  Station,  Vicksburg,  Miss. 

McCall,  P.  L.  1977.  "Community  Patterns  and  Adaptive  Strategies  of  the 
Infaunal  Benthos  of  Long  Island  Sound,"  Journal  of  Marine  Research,  Vol  35, 

pp  221-266.  “  ~~~~  — 

Pearse,  A.  S.,  Humm,  H.  J. ,  and  Wharton,  G.  W.  1942.  "Ecology  of  Sand 
Beaches  at  Beaufort,"  Ecological  Monographs,  Vol  12,  pp  135-190. 

Rhoads,  D.  C.,  Aller,  R.  C. ,  and  Goldhaber,  M.  1977.  "The  Influence  of 
Colonizing  Benthos  on  Physical  Properties  and  Chemical  Diagenesis  of  the  Estu¬ 
arine  Seafloor,"  Ecology  of  Marine  Benthos,  B.  C.  Coull,  ed. ,  University  of 
South  Carolina  Press,  Columbia,  S.  C. ,  pp  113-138. 

Rhoads,  D.  C. ,  and  Germane,  J.  D.  1982.  "Characterization  of  Organism- 
Sediment  Relations  Using  Sediment  Profiling  Imaging:  An  Efficient  Method  of 
Remote  Ecological  Monitoring  of  the  Seafloor,"  Marine  Ecology  Progress  Series, 
No.  8,  pp  115-128. 

Rhoads,  D.  C.,  McCall,  P.  L. ,  and  Yingst,  J.  Y.  1978.  "Disturbance  and  Pro¬ 
duction  on  the  Estuarine  Seafloor,"  American  Scientist,  Vol  66,  pp  577-586. 

Schaffner,  L.  C.,  Diaz,  R.  J.,  Phillips,  R.,  and  Kiley,  K.  1987.  "Sediment 
Profile  Camera  Survey  of  the  Nearshore  off  Duck,  North  Carolina,  October  1986 
' SUPERDUCK'  Experiment,"  prepared  by  Virginia  Institute  of  Marine  Science  for 
the  US  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  Miss. 

Shelton,  C.  R. ,  and  Robertson,  P.  B.  1981.  "Community  Structure  of  Inter¬ 
tidal  Macrofauna  on  Two  Surf-Exposed  Texas  Sandy  Beaches,"  Bulletin  of  Marine 
Science,  Vol  31,  No.  4,  pp  833-842.  ~~~ 

Stanley,  S.  M.  1970.  "Relation  of  Shell  Form  to  Life  Habits  in  the 
Bivalvia,"  Geological  Society  of  America  Memoirs,  Vol  125,  pp  1-296. 

van  Blaricom,  G.  R.  1982.  "Experimental  Analyses  of  Structural  Regulation  in 
a  Marine  Sand  Community  Exposed  to  Oceanic  Swell,"  Ecological  Monographs, 

Vol  52,  No.  3,  pp  283-305. 


